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Summary 
 
Wayne Combustion Systems (WCS) builds burners for oven and furnace applications that 
require a control circuit to regulate the combustion fan and gas valve of the burner to maintain a 
desired temperature. The current control board is built and owned by another company, which 
increases the cost of the end appliance and limits the ability to make any changes. In order to 
lower the cost of building the board and making changes, WCS needs a new control circuit 
designed along with the accompanying software so that WCS can make changes easily and keep 
the cost of making the board low. 
The board will need to control a safety ignition, combustion fan, and gas valve in response to a 
thermostat input and circulator fan speed input. The fan speed and valve position are controlled 
based on parameters that WCS sets with the developed desktop application. Additionally, the 
board will need the ability to select different parameters and operation modes using mechanical 
switches on the board. This will be achieved by determining the requirements and parameters, 
breaking down the system into sub-systems, coming up with several different conceptual 
solutions for each sub-system, and after evaluating the solutions combine them into a complete 
conceptual solution.  Therefore, this project will allow WCS to easily make modifications to the 
system while achieving the desired goal of $30 or less per board.  
The requirements were defined as a system with user-friendly computer based application, quick 
troubleshooting interface, and an interface that works with a wide range of burner applications. 
The parameters were determined by the systems inputs and outputs and their characteristics. The 
systems were then divided into seven sub-systems, including the microcontroller, computer I/O 
interface, voltage regulator, troubleshooting interface, and others.  For each sub-system, several 
possible conceptual solutions were generated and evaluated to determine the best solution when 
weighted against the requirements and design variables. The chosen conceptual solution uses 
LabVIEW for the computer software, an 8-pin DIP switch for hardware mode selector, surface-
mount flashing LEDs for the troubleshooting interface, and a LPC1343 microcontroller. The cost 
of all the components for the chosen conceptual solutions is $24.70, therefore this final solution 
will meet the design requirements, allow WCS to easily make modifications to the system, and 
meet the cost constraint.  
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Section I: Problem Statement 
  
 - Page 7 - 
Section 1.1: Requirements and Specifications 
i. Fan motor, gas valve opening, and ignition safety relay control in response to 
thermostat signal and fan feedback 
The board must output control signals to the gas valve control and fan motor, as 
well as enabling the ignition safety relay to begin burner operation. The actual gas 
valve output should be +/- 10mV of the desired signal. 
ii. User friendly computer based application to test and program system 
operation 
As a companion to the onboard software, a desktop computer program must be 
able to interface with the board by loading map tables, setting specific software 
control parameters (e.g. control loop parameters), and reading/analyzing available 
feedback from the board. The desktop program must also be able to export the test 
data to an external file. 
iii. Quick troubleshooting interface 
The burner control board must use an indicator to alert the user to the current 
state of the board and also to relay troubleshooting information. 
iv. Hardware operation selector 
The burner control board must have a method of changing the basic burner 
control algorithm for the specified application via an on-board hardware selector. 
v. Interface with a wide range of burner applications 
The board should be able to adapt to a variety of blower fan situations that Wayne 
Combustion manufactures, specifically the entire family of products of the 
Pelonis Technologies P1232-28 24VDC Fan Blowers. 
vi. Control system for fan controller 
By combining the thermostat control input with the control loop of the fan PWM 
feedback signal, the board will be able to intelligently adjust for any wear or 
imperfections in the blower fan, such as motor wear. This should allow the motor 
to maintain the desired output +/- 25 RPM. 
vii. Final Board Production Cost 
Since one of the purposes of this project is to reduce the cost of production. The 
final board needs to be $30 or less per unit when purchasing 2000 units per 
year. 
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Section 1.2: Given Parameters 
The given, or fixed, parameters are those that will be the guidelines for the design of the 
Gas/Air Control for the oven. The following is the list of the given parameters. 
i. The gas/air control will be powered by a 24VDC input 
The board is supplied power from a regulating power supply, which provides a 
24VDC signal up to ~1.0A. 
ii. The gas/air control must be able to interface with existing systems 
The following are the various components that the control must be interfaced 
with. 
a. Combustion Blower 
The gas/air control must be able to interface with the specific combustion 
blower that is a PWM signal that varies from 0-24VDC. 
b. Gas Valve Control 
The gas/air control must be able to interface with the gas valve control that is 
a PWM signal that varies form 0-15VDC. 
c. Ignition Safety Relay 
The gas/air control must interface with the Ignition safety relay. 
d. Blower Fan Tachometer 
The gas/air control must interface with a Hall Sensor that acts as a 
tachometer and outputs a PWM signal. 
e. Thermostat 
The gas/air control must interface with the thermostat with either DC 0-10V 
or 4-20mA. 
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Section 1.3: Design Variables 
When designing a solution to the given problem, there are several elements that can be 
varied in order to satisfy the requirements and specifications, and work with the 
limitations and constraints. These design variables allow the designed solution to achieve 
the necessary characteristics specific to the problem. They include hardware that can be 
selected based on the needed properties, as well as software components that can be used. 
Hardware 
i. Control Circuit 
In order to control the combustion blower and gas valve in response to feedback, 
some form of a controller must be chosen and implemented. There are many different 
types of control circuits that can be used, depending on the cost, size, power usage, 
and other factors. 
ii. Internal Circuit Components 
Several circuit components must be chosen and used to interface with the different 
types of inputs and outputs. These components may be simple circuit elements such 
as resisters, capacitors, and inductors; or may be third party integrated circuits that 
provide functionality in a smaller, cost effective package. 
iii. Board Layout 
The layout of the circuit components and the connections between them can be varied 
to meet the size and space requirements of the final package. 
iv. Computer I/O Interface 
An interface to program and monitor the control board must be selected and used to 
meet the needed functionality. There are a number of different interfaces available or 
a custom interface can be developed to meet requirements not met by existing 
interfaces. 
Software  
v. Graphical User Interface 
A computer program must be created using a programming language and/or library to 
allow the user of the control board to set parameters and monitor the operation of the 
board. The programming language must be chosen based on provided features and the 
designer’s experience. 
vi. Control Algorithms 
Software must be written to control the various hardware components based on 
feedback from sensors and parameters given by the user. The algorithms can be based 
on existing algorithms or created by the designer to meet the requirements. 
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Section 1.4: Limitations and Constraints 
The control system must follow the limitations and constrains that are outside the scope 
of the defined parameters. These parameters include size and cost. 
i. Size 
The size of the control must not exceed a length, width, and height of 5.75” X 3.3” X 
1.5”, respectively. There is no minimum size required. 
ii. Board Development Budget 
Wayne Combustion Systems has allotted up to $3000 for development. 
Section 1.5: Additional Considerations 
There are other factors controlling the design of the control system. These factors must be 
researched and understood before stepping into the design phase of the project. These 
factors include safety and environment. 
i. Safety 
This system must be safe to use in the field and also comply with the RoHS directive. 
ii. Environment 
The conditions of the surrounding environment of the board must be considered when 
contemplating components that are compatible in conditions up to 85°C. 
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Section II: Conceptual Designs 
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The results from brainstorming were each researched. This research was then used to explain each 
conceptual solution and to explain the advantages and disadvantages they each had. This part will help 
when it comes time to make decision matrixes to determine the factors and the score each conceptual 
solution will receive for each given factor. 
Section 2.1: User Testing/Programming Software 
Concept 1: Visual C++ 
• Advantages 
o Powerful 
o Good team experience with C++ 
o Lots of existing code 
• Disadvantages 
o No team experience with Visual C++ 
o Difficult to design 
o Expensive IDE for future redesign 
Concept 2: Java 
• Advantages 
o Powerful 
o Free IDE for design/redesign 
• Disadvantages 
o Limited design team experience 
Concept 3: Visual Basic 
• Advantages 
o Simple source code for GUI applications 
o Moderate design team experience 
• Disadvantages 
o Language is not powerful 
o Expensive IDE for future redesign 
Concept 4: LabVIEW 
• Advantages 
o Designed for creating graphical test interfaces 
o Good design team experience 
o Built in protocols for USB, Serial communication 
• Disadvantages 
o Expensive IDE for future redesign 
o Expensive application builder for test bench distribution 
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Section 2.2: Microcontroller 
The controller subsystem is responsible for implementing the control algorithms and logic 
necessary for the board to correctly control the outputs and monitor the inputs. The program flow 
can be implemented in any of these subsystems; they differ in their efficiency, performance, and 
hardware features. These design concepts may be combined with the other subsystems to 
produce the final design. 
Concept 1: PIC32MX340F128LT 
This design uses a PIC32MX3 series microcontroller from Microchip as the main controller. 
This chip features a MIPS32 32-bit core with a maximum frequency of 80 MHz. It has good 
support and has complete documentation and examples. It comes in many different 
configurations with up to 512 KB of flash memory as well as 8 KB to 32KB of SRAM memory. 
The chip also has built in support for serial over RS-232 and RS-485. Additionally, it comes with 
4 built in PWM outputs. 
 
Figure 1: Flow chart of the PIC32MX340F128LT. 
Figure 1 shows the block diagram of the PC32MX3XX series MCU from the datasheet [1]. It 
includes the features mentioned above. Note that some features, such as the USB, are not 
including on the selected device. 
• Advantages 
o Many configurations for flash memory and SRAM 
o Built in PWM outputs 
• Disadvantages 
o More expensive than the other designs 
o Evaluation board are expensive (> $100) 
o No USB on selected chip 
o Max 8KB of SRAM 
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Concept 2: LPC1343 MCU 
This design uses the LCP1343 microcontroller as the main control component on the board. This 
controller uses a low power 32-bit ARM Cortext-M3 processor operating at 72 MHz with 32 KB 
of flash memory and 8KB of SRAM. The chip has serial communication or USB 2.0 including 
HID drivers. The chip has support for up to 17 vectored interrupts driven from any of the 40 I/O 
lines, as well as software interrupts. Additionally, the chip contains (2) 32-bit timers and (2) 16-
bit timers, which can be used to implement PWM outputs. ARM chips are widely used in 
industry, with many examples and complete documentation. 
 
Figure 2: Flow chart of the LPC1343 MCU. 
Figure 2 shows the block diagram of the LCP1343 from the datasheet [2], which includes the 
features discussed above. 
• Advantages 
o Low power usage (maximum 1.5 W), smart power modes 
o Low cost (< $3) 
o Low cost evaluation board (< $50) 
o ARM Standard, widely used 
o USB interface with drivers, less development time 
o Efficient use of RAM 
o Large number of interrupts 
• Disadvantages 
o Max 8KB of SRAM 
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Concept 3: AT89S4051 MCU 
This concept uses an AT89S4051 microcontroller as the main control component on the board. It contains 
an 8-bit 8051 processor running at 24 MHz with 4 KB of program memory and 256 B of RAM. The 
controller includes built-in 8-bit PWM and 15 I/O lines. 
• Advantages 
o Built-in PWM 
o Low power consumption 
• Disadvantages 
o Small RAM 
o 8-bit 
• Considerations 
o This concept cannot be used with the USB interface subsystem concept 
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Section 2.3: Computer I/O Interface 
This subsystem is the communication interface between the computer and the board. It is 
responsible for allowing the computer software to set board parameters as well as monitor the 
board inputs. 
Concept 1: Serial RS-232 
This concept uses the RS-232 standard for communication between the computer software and 
the board. The RS-232 standard is widely used in industrial applications and most 
microcontrollers can be interfaced using RS-232. The standard defines the electrical 
characteristics of drivers and receivers in a digital network. 
• Advantages 
o Simple to use on microcontrollers 
o Easy to program 
• Disadvantages 
o Slower than other interfaces 
o Most new computers not equipped with RS-232 interfaces 
• Considerations 
o May require purchase of RS-232 to USB for newer computers 
Concept 2: USB 
Concept 2 utilizes the USB standard for the physical communication layer between the computer 
software and the board. The USB standard uses four wires for full duplex communication. 
Virtually all-modern computers support USB and many microcontrollers contain an 
implementation. Because USB is used for many other devices, the board may be expanded to 
communicate with more devices for additional functionality. For example, a USB flash drive 
may be used to flash the board software provided the microcontroller supports it. 
• Advantages 
o Fast 
o Widely supported on computers 
o Able to provide more features by interfacing with other USB devices 
• Disadvantages 
o May be harder to use if microcontroller does not provide USB drivers 
• Considerations 
o Some microcontrollers support USB and provide drivers, negating the first 
disadvantage 
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Concept 3: Ethernet 
This concept uses Ethernet for communication with the board. Many protocols can be 
implemented using Ethernet, such as TCP or UDP, depending on the microcontroller support. 
Ethernet can achieve speeds of 100 or 1000 MB per second. Ethernet requires each device to 
have a unique address, which can make setting up the connection more complicated than serial or 
USB.  
• Advantages 
o Fast 
o Most computers have connectors 
o Can provided embedded webpage for diagnostics 
• Disadvantages 
o Requires microcontroller support, not common 
o Hard to program 
o More complicated connection procedure 
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Section 2.4: Voltage Regulator 
A voltage regulator is a piece of circuitry equipment that is designed to maintain a constant level 
of voltage. This is used to reduce the input voltage of the system to the desired voltage that will 
be used by the IC chips that control the outputs.  
 Concept 1: Series Pass Voltage Regulator 
A series voltage regulator uses a variable element that is in series with a load. Then by changing 
the resistance of the series element, the voltage drop across it can be varied to ensure that the 
voltage across the load is constant. 
• Advantages 
o Most effective in high voltage systems 
o Least expensive 
o Voltage across the load remains constant 
• Disadvantages 
o Least effective in low voltage systems  
o Power is continually dissipated 
o Unreliable 
 
Figure 3: Concept of the series pass voltage regulator. 
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Concept 2: Shunt Voltage Regulator 
The load is operated with a resistor in series with the voltage source and the shunt regulator then 
in parallel with the load. In order to keep the voltage across the load constant, a level of current 
must be drawn through the series resistor to maintain the required voltage across the load.  
 
• Advantages 
o More effective than Series Pass 
o Power not dissipated until battery approaches full capacity 
o Circuitry is simple 
o Inexpensive for systems using 1,000 W or less 
• Disadvantages 
o Draws full current even when the load does not require any current 
 
Figure 4: Block diagram of the shunt voltage regulator with feedback. 
Concept 3: Step Down Series Switch Regulator 
This circuit uses an inductor and two switches usually a transistor and a diode that control the 
inductor converter, to reduce the output voltage. 
• Advantages 
o Increases efficiency as the voltage output increases 
• Disadvantages 
o Complex circuitry 
o Less reliable than series pass or shunt 
o More expensive the alternative designs 
 
Figure 5: Simplified schematic of a step-down series switch regulator. 
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Concept 4: Step-Up Shunt Switching Regulator 
The regulator produces an output voltage higher than the input voltage. 
• Advantages 
o Highest efficiency 
• Disadvantages 
o Complex circuitry 
o Most expensive 
o Must be used under stable conditions 
 
 
Figure 6: Simplified schematic of a step-up shunt-switching regulator. 
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Section 2.5: PWM Signal Amplification 
The PWM signal will be required to power the combustion blower and the gas valve control. The 
blower needs an input PWM signal of 0-24v DC and the gas valve will need a PWM signal of 0-
15v DC. The PWM signal will be generated from the microcontroller, but the output PWM will 
only be a 0-5V DC PWM signal. Below will be alternative ways of amplifying this signal to the 
desired amplitude. 
Concept 1: Transistor Interfacing Circuit 
Many output devices will require a transistor switching circuit. In most cases a Darlington pair 
formed from two transistors is ideal. 
 
Figure 7: Schematic of the transistor interfacing circuit. 
Note that it is usual to connect a back emf suppression diode across the output device. This is 
essential with devices such as relays, solenoids and motors, which create a back emf when power 
is switched off. The diode type 1N4001 is the device recommended. 
• Advantages 
o Small 
o Operating temperature of -55 to 200oC 
o Able to provide more features by interfacing with other USB devices 
• Disadvantages 
o Requires back EMF suppression diodes 
o (2) Circuits required for board 
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Concept 2: Darlington Driver IC 
If a number of output devices are being controlled it may be necessary to use a number of output 
transistors. In this case it will often be more convenient to use a ULN2003 Darlington driver IC. 
This is simply a 16 pin ‘chip’ that contains 7 Darlington transistors similar in value to the 
BCX38B. The ‘chip’ also contains internal back emf suppression diodes and so no external 
1N4001 diodes are required. 
 
Figure 8: Simple schematic of a Darlington IC driver. 
• Advantages 
o Only one IC required 
o Does not require back EMF suppression diodes 
• Disadvantages 
o Operating temperature of -20 to 80oC 
o Requires larger footprint 
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Concept 3: Relay Interfacing Circuit 
A relay can be used to switch higher power devices such as motors and solenoids. If desired, the 
relay can be powered by a separate power supply, so, for instance, 12V solenoids can be 
controlled by the microcontroller. Note the use of a back EMF suppression diode across the relay 
contacts. This is to prevent damage to the transistor when the relay switches off. Diode type 
1N4001 is suitable for this diode. 
 
Figure 9: Schematic of the relay interfacing circuit. 
• Advantages 
o Used in high power devices 
• Disadvantages 
o Very expensive 
Concept 4: Power MOSFET Interfacing Circuit 
Power MOSFETs can be used instead of Darlington transistor pairs to switch medium power 
devices. The standard MOSFET circuit is shown below. The device IRF530 is a suitable power 
MOSFET to use in this circuit. Note that it is usual to connect a back emf suppression diode 
across the output device. 
This is essential with devices such as relays, solenoids and motors, which create a back emf 
when power is switched off. The diode type 1N4001 is the device recommended. 
 
Figure 10: Schematic of the power MOSFET interfacing circuit. 
• Advantages 
o Operating temperature of -55 to 175 oC 
o Inexpensive 
• Disadvantages 
o Requires back EMF suppression diodes 
o (2) Circuits required 
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Section 2.6: Hardware Mode Selector 
The hardware mode selector is the switching mechanism that will be used to set the function of 
the controller. 
Concept 1: DIP Switch 
• Advantages 
o Inexpensive 
o Can use a binary for increased switching with less 
switches 
o Switches can’t easy be changed if bumped 
o Small footprint 
• Disadvantages 
o Not easy to operate 
 
Concept 2: Thumbwheel Switch 
• Advantages 
o Inexpensive 
o Ease of use 
• Disadvantages 
o Large 
 
Concept 3: Rocker DIP Switch 
• Advantages 
o Ease of use 
o Small footprint 
o Can use a binary for increased switching with less switches 
• Disadvantages 
o Switches could be easily bumped  
 
Concept 4: Rotary DIP Switch 
• Advantages 
o Ease of use 
• Disadvantages 
o Limited switching 
o Large 
o Expensive 
 
 
Figure 11: An 8-pin DIP switch. 
Figure 13: Rocker DIP switch. 
Figure 12: Thumbwheel switch. 
Figure 14: Rotary DIP switch. 
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Section 2.7: LED Troubleshooting Interface 
An indicator LED indicates whether the board is working or not. If the indicator light is on, the 
board is functioning properly; if it is off, something is wrong and you need to check the error 
codes. Having this feature adds another LED to the board design. If no indicator light is included 
in the design it will save on board space and cost less than other alternatives; additionally, if an 
error code is being displayed then there is something wrong and the indicator light would be off 
anyway. 
Concept 1: Through-hole LEDS 
• Advantages 
o Easy to acquire 
o Easy to install 
o Common 
• Disadvantages 
o Higher power consumption 
Concept 2: Surface-mount LEDS 
• Advantages 
o Cheap 
o Small Footprint 
• Disadvantages 
o Difficult to install 
 
 
Concept 3: LED Display 
• Advantages 
o Increased reading accuracy 
• Disadvantages 
o Large footprint on board 
o High cost 
 
 
Figure 17: Different types of LED displays. 
 
 
 
Figure 15: Through-hole LEDs. 
Figure 16: Different types of surface mount LEDs. 
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Section III: Evaluation of Conceptual 
Designs 
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After brainstorming, weighted decision matrices were used to determine which conceptual solution would 
be used in the final design solution for each sub-system. Each sub-system had different factors that it 
would be scored on depending on design requirements, parameters, limitations, constraints, and other 
considerations. Once each factor ranked against the other factors, a factor weighting was calculated and 
used in the design-weighting matrix for that specific sub-system. Then, in the design-weighting matrix, 
each conceptual solution is given a score from 1 – 10 for each factor 10 being the best. The calculated 
score for each factor of that conceptual solution is then multiplied by the corresponding factor weighting. 
Once these weighted scores are summed together to find the total score for each solution, the solution 
with the highest score will become the primary solution used in the final design; the solution with the 
second highest score becomes a secondary choice. The tables below depict each factor weighting matrix 
and design weighting matrix for each individual sub-system. 
Section 3.1: User Testing/Programming Software 
For the User Testing/Programming interface, the software chosen would primarily need to be a common 
programming language in order to allow for best future compatibility and language longevity.  Due to its 
use for this type of application specifically and the ability to easily modify the source, LabVIEW was our 
primary choice for the interface. 
Table 1: Software factor weighting. 
 
Table 2: Software design weighting. 
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Section 3.2: Microcontroller 
One of the main factors with the microcontroller was the cost.  The issue was coming up with a powerful 
microcontroller without also using up the entire budget.  Based on our sampling of adequate 
microprocessors, we found the LPC1343 to be the best choice. 
Table 3: Microcontroller factor weighting. 
 
Table 4: Microcontroller design weighting. 
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Section 3.3: Computer I/O Interface 
The Computer I/O Interface is vital in allowing the WCS engineers to monitor and program the board in 
real time.  Consequently, we needed an interface that would be easy to program and also allow enough 
bandwidth to transfer the data to the PC.  While cost was important, one of the other important factors 
was the physical size of the interface on the board.  Some interfaces could easily take up a large amount 
of room on the control board which was not optimal.  As a result, a standard 9 Pin Serial Interface with 
the RS-232 protocol was the best choice. 
Table 5: Computer IO factor weighting. 
 
Table 6: Computer IO design weighting. 
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Section 3.4: Voltage Regulator 
For the voltage regulator, the goal was to step down the 24V power supply to 15V and 3.3V and be able 
to dissipate all excess power.  Due to the extra heat, a heat sink may be required, so size was a crucial 
issue.  However, cost was still the dominating factor in our weighting due to Wayne Combustions cost 
goal as outlined in the requirements and specifications.  Ultimately, we chose a Series Pass type voltage 
regulator for our primary design. 
Table 7: Voltage regulator factor weighting. 
 
 
Table 8: Voltage regulator design weighting. 
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Section 3.5: PWM Signal Amplification 
In order to control the gas valve, we need to use a 0-15V PWM signal.  Since we can only generate a 0-
3.3V PWM signal, we need a circuit to ‘amplify’ this control signal in order control the gas valve and still 
protect the microcontroller from electrical surge.  For this design, the Darlington Pair was chosen as the 
primary design option, largely due to the low cost of the device. 
Table 9: PMW signal generation factor weighting. 
 
Table 10: PMW signal generation design weighting. 
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Section 3.6: Hardware Mode Selector 
In order to make the control board adaptable to a variety of applications, it includes a hard user control to 
select between different gas applications and algorithms.  While this is a simple circuit, the type of layout 
is important because it will be an area that WCS will interface with heavily.  Due to the number of 
selectors, the cost, and the size, the basic DIP switch won as our primary choice. 
Table 11: Hardware operation selector factor weighting. 
 
Table 12: Hardware operation selector design weighting. 
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Section 3.7: LED Troubleshooting Interface 
One key aspect of the board is an interface to help a technician troubleshoot any problems with the board 
in order to meet the customer’s needs quickly and efficiently.  Therefore, the interface needs to be easy to 
read visually and easy to decode for quick troubleshooting.  Based largely on the ease of the read, we 
have chosen a surface mount LED design with flashing code output. 
Table 13: LED Troubleshooting interface factor weighting. 
 
Table 14: LED Troubleshooting interface design weighting. 
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Section IV: A Detailed Design of the Selected 
Conceptual Design 
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Our system presents us with (3) distinct design results: The microcontroller flowchart, the circuit 
schematic, and the computer testing/programming interface concept design.  The flowchart will ultimately 
be implemented on the microcontroller board in the ARM architecture.  The circuit schematic will be 
prototyped on a solderless breadboard and implemented with a custom PCB solution.  The computer 
testing/programming interface is a simple LabVIEW front panel to demonstrate the look and feel of the 
final system. 
Section 4.1: Microcontroller Flowchart 
For design purposes, the basic microcontroller design is described below as a functional flowchart 
describing the microcontrollers operation. 
 
 
Figure 18: Flowchart of Microcontroller operation 
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Section 4.2: Detailed Circuit Diagram 
The following circuits are a breakdown of the overall system, starting at the systems level and breaking 
down to the component level.  First is the overall circuit diagram showing how the control board 
interfaces with the various components that it will be controlling and getting feedback from. 
 
 
Figure 19: Top level control board interfacing circuit 
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Figure 20 shows the breakdown of the control board and all of the interfacing circuits which support the 
microcontroller unit. 
 
Figure 20: Control board circuit 
Figure 21 shows the basic circuit for a switch interface with the microcontroller for selecting the burner 
algorithm and gas type. 
 
Figure 21: Switch array 
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Figure 22 shows the LED array with dissipation resistors to ensure that the LED’s are not overloaded. 
 
Figure 22: LED array 
Figure 23 shows the output from the voltage regulator sub-circuit (15V for Gas Valve, 3.3V for digital 
logic applications, including MCU power).  Figure 24 shows a compilation of the measurement analysis 
of the input and two output voltages. 
 
Figure 23: Power regulator sub-circuit 
 - Page 39 - 
 
Figure 24: Power regulator sub-circuit 
Figure 25 is the serial interface circuit, which amplifies the MCU’s 3.3V serial signal to the appropriate 
levels for the computer serial port. 
 
Figure 25: Serial interface sub-circuit 
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Figure 26 shows the circuit used to amplify the PWM signal to the gas valve.  The analysis is below in 
Figure 27. 
 
Figure 26: PWM amplification sub-circuit 
 
Figure 27: PWM amplification sub-circuit 
OUTPUT 
MICROCONTROLLER 
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Figure 28 shows the output for the combustion blower control which is electrically isolated using an 
optocoupler.  The feedback outputs 0-3.3V using a 2N3055AG transistor.  Analysis for the combustion 
blower can be seen below in Figure 29. 
 
Figure 28: Optocoupler/transistor combustion blower sub-circuit 
 
Figure 29: Combustion Blower PWM Output and Feedback 
FEEDBACK 
CONTROL SIGNAL 
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In Figure 30, we have the output for the ignition safety relay.  This output just needs to be digital high. 
 
Figure 31 shows the thermostat voltage level stepped down to an acceptable level for the microcontroller 
to read and convert. 
Figure 30: Ignition Relay Output Analysis 
 
Figure 31: Original thermostat signal with stepped down thermostat signal 
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Section 4.3: Computer Testing/Programming Interface 
The following two figures show a draft of the interface that WCS has required of us to be used to test and 
program the board in order to achieve an optimal configuration of the control board.  Figure 32 shows the 
LabVIEW window that will graph the feedback and allow the adjustment of the variables. 
 
Figure 32: System monitoring screen 
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Figure 33 shows where the WCS combustion engineers will program their algorithm tables using data 
taken during testing.  The data can be saved to a file or read back in from a file. 
 
Figure 33: System algorithm table programming screen 
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Section V: Cost Analysis/Estimation 
  
 - Page 46 - 
Below is a detailed breakdown of our Bill of Materials, which we used for cost estimation.  As can be 
seen at the end of the BoM, we have achieved a cost point that is comfortably below WCS’s requirement 
as described in Section 1.1, Requirements and Specifications. 
Table 15: Bill of Materials including PCBA quote (Assuming 2000 units/year 
Quantity Digi-Key Part Number Description @2000 Units Total 
2 1KZCT-ND RES 1K OHM 2W 5% AXIAL  $                   0.04   $    0.07  
5 150AECT-ND RES 150 OHM 3W 5% AXIAL  $                   0.08   $    0.41  
5 1N4001GDICT-ND DIODE GEN PURPOSE 50V 1A DO41  $                   0.05   $    0.26  
1 MAX3232CPE+-ND IC TXRX RS-232 LP 16-DIP  $                   2.08   $    2.08  
1 450-1339-ND SWITCH DIP FLUSH ACT 8POS  $                   0.64   $    0.64  
1 LM7815CTFS-ND IC REG LDO 15V 1A TO220-3  $                   0.25   $    0.25  
1 LM1086IT-3.3/NOPB-ND IC REG LDO 3.3V 1.5A TO220-3  $                   0.70   $    0.70  
1 568-4945-ND IC MCU ARM 32KB FLASH 48LQFP  $                   2.25   $    2.25  
4 445-5258-ND CAP CER 0.1UF 50V 10% RADIAL  $                   0.07   $    0.28  
4 445-5312-ND CAP CER 0.33UF 50V 10% RADIAL  $                   0.08   $    0.34  
4 445-8607-ND CAP CER 1UF 25V 10% RADIAL  $                   0.08   $    0.33  
4 445-8349-ND CAP CER 10UF 16V 20% RADIAL  $                   0.13   $    0.52  
3 160-1795-ND OPTOCOUPLER DARL 5KVRMS 8DIP  $                   0.24   $    0.73  
2 IRF510-ND MOSFET N-CH 100V 5.6A TO-220AB  $                   1.43   $    2.86  
1 A101067-ND 4 Pin Shrouded Header  $                   0.08   $    0.08  
1 A100097-ND 3 Pin Header  $                   0.08   $    0.08  
1 A105155-ND 6 Pin Serial Header  $                   0.24   $    0.24  
8 A100452CT-ND Faston Quick Connect   $                   0.04   $    0.35  
1 255-1115-ND Relay  $                   2.08   $    2.08  
2 A10759-ND Heatsink  $                   0.27   $    0.54  
5 <varies> LEDS  $                   0.04   $    0.22  
1 PCBA PCB Print/Assembly  $                   6.10   $    6.10  
  Total   $  21.40  
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Section VI: Build Results 
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The following images show the build results from the various subsystems of the gas control.  These were 
assembled on a solderless breadboard for quick prototyping.  There were no unforeseen delays in the 
build process.  However, a certain amount of design/redesign was needed after subsystem testing. 
Section 6.1: User Testing Software 
The user testing and programming interface was created in LabVIEW to provide feedback to the 
user by displaying processed serial data from the microcontroller. 
 
Figure 34: User Testing Interface 
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Section 6.2: Microcontroller 
In order to fulfill the microcontroller requirements, a super loop structure was implemented using 
16 and 32 bit timers to accomplish PWM output and demodulation for the gas valve, circulator 
fan, and combustion blower.  GPIO was used for LED/DIP switch interfacing, Analog-Digital 
Conversion was used for reading the thermostat input, and standard UART communication lines 
were used for computer-serial communication.  Below are several code snippets showing the 
control of the PWM signals. 
Figure 35: Code Snippet for outputting a PWM signal with a given period and duty cycle 
Figure 36: Code Snippet for using 32-bit Timer PWM Demodulation Interrupt Handler 
 
void init_pwm_16(uint32_t PWM_period, uint32_t duty_cycle) { 
 
    PWM_16_duty_cycle = duty_cycle; 
    LPC_SYSCON->SYSAHBCLKCTRL |= (1<<8);  // Enable clock to timer 1 
    LPC_IOCON->PIO1_10  &= ~0x1F;   // - remove bits 0,1 & 2 and pull resistors 
    LPC_IOCON->PIO1_10           |= 0x02;   /* Timer1_16 MAT0 */ //- set bit 1 
    LPC_TMR16B1->PR = (SystemCoreClock/LPC_SYSCON->SYSAHBCLKDIV) / 1000000 - 1; 
    LPC_TMR16B1->MCR = 0x0400;        /* Reset at MR3*/ 
    LPC_TMR16B1->MR1 = (PWM_16_duty_cycle * PWM_period) / 100;             
    /* Match register 0 - Turn on time: 2879 = 20% duty cycle */ 
    LPC_TMR16B1->MR3 = PWM_period;        /* Match register 3 – cycle length */ 
    LPC_TMR16B1->PWMC = 0x02;             /* PWMC register -MAT1 is PWM. */ 
    GPIOSetDir( 1, 10, 1 ); 
    LPC_TMR16B1->TCR = 1;   // Enable timer 1 
} 
 
void TIMER32_0_IRQHandler(void) 
{ 
    static uint32_t begin = 0; 
 
    if (LPC_TMR32B0->IR & (1<<4)) { 
 
        if (LPC_TMR32B0->CCR & 1) { 
            DPWM_period = LPC_TMR32B0->CR0 - begin; 
            begin = LPC_TMR32B0->CR0; 
            LPC_TMR32B0->CCR = 0x6; 
        } 
 
        else { 
            DPWM_duty = LPC_TMR32B0->CR0 - begin; 
            LPC_TMR32B0->CCR = 0x5; 
            DPWM_done = 1; 
        } 
    } 
    LPC_TMR32B0->IR = 0xFF; 
    return; 
} 
 
 - Page 50 - 
Figure 37: Code Snippet for looking up the correct gas valve and combustion blower values 
  
void oven_core_process(uint16_t thermostat, uint16_t blowerRPM, uint16_t 
circulatorRPM) { 
  
    uint16_t table_size = rows + 440; 
    uint16_t *table_position = table_pointer + 3; 
    uint16_t *rpm_position; 
     
    if (circulatorRPM < *(table_pointer+2)) { 
  
        table_position += table_size * 3; 
    } 
  
    else if (circulatorRPM < *(table_pointer+1)) { 
  
        table_position += table_size * 2; 
    } 
  
    else if (circulatorRPM < *(table_pointer)) { 
  
            table_position += table_size; 
    } 
    // Move pointer to row with current thermostat reading 
    rpm_position = table_position + (thermostat / thermostat_delta); 
  
    // Scale percentage between RPM points to 0-1023 
    uint32_t position = ((thermostat % thermostat_delta) << 10) / thermostat_delta; 
  
    // interpolate between RPM points 
    blowerOutput = interpolate(*p,*(p+1),position); 
  
    // Lookup valve value (precalculated in 10s of RPMs) 
    valveOutput = *(table_position+rows+blowerRPM/10); 
} 
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Section 6.3: Computer I/O Interface 
The following image depicts the circuit built to interface with the controller and the computer. This is 
important in order to program the board and to perform testing.  
 
Figure 38: Computer I/O (Serial Voltage Leveler) circuit which converts MCU logic level UART  
(0-3.3V) to -5.5-+5.5V. 
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Section 6.4: Voltage Regulator 
 The following image depicts the circuit built to convert the 24V input to 15V for the gas valve. Then take 
the 15V and convert it to a 3.3V supply for microcontroller. 
 
Figure 39: Voltage Regulator Sub circuit.  First voltage regulator on left takes +24V (orange wire 
from + rail) and steps it down to +15V.  This is then put into the next voltage regulator which steps 
+15V to +3.3V 
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Section 6.5: PWM Control Circuit 
This circuit is designed to amplifies a 3.3V PWM signal that is being outputted from the microcontroller 
to a 15V signal to control the gas valve. During the initial testing it was quickly determined that a heat 
sink needed to be added in order to dissipate heat from the Mosfet. 
 
Figure 40: The PWM circuit uses an IRF510 Mosfet with a 1N4001 Diode to flow current when the 
gate is triggered high, thus allowing 15V/310mA to flow to the Gas Valve 
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Section 6.6: Hardware Mode Selector 
This circuit is used to allow WCS and technicians in the field to make changes to the functionality of the 
circuit in order to switch between different types of gas supplies or to even go into calibration mode. 
 
Figure 41: DIP Input Circuit.  This circuit outputs basic high logic levels to the MCU when the pins 
are in the ‘off’ position 
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Section 6.7: LED Troubleshooting Interface 
This circuit will indicate if the board is working correctly and if there are any problems either with the 
board or with any of the other systems interacting with the controller.  
 
Figure 42: The LED troubleshooting circuit is controlled by logic level voltage outputs from the 
microcontroller  
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Section 6.8: Integration 
Once each sub circuit was built they were all integrated together as shown below and the final test stages 
were implemented. This image also shows the circuit actually hooked up to an oven at WCS. 
 
 
Figure 43: The completed circuit with diagnostic lines connected. 
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Section VII: Unit Testing 
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Once the build was complete, we proceeded with testing of the various subsystems.  The results are below 
and demonstrate the interaction of the real world device with the computer testing interface as well as the 
real world outputs of the gas valve and the combustion blower. 
Table 16: Verification and validation requirements 
# System Description 
1 Power Supply Power output from 24V step down sub circuit 
2 Combustion Blower PWM input to Combustion Blower 
3 Combustion Blower Feedback PWM output from Combustion Blower 
4 Gas  Valve Control PWM input to Gas Valve control 
5 Appliance Circulator Fan PWM output to Microcontroller 
6 Ignition Safety Relay Input signal from Microcontroller 
7 Thermostat Current output to Microcontroller 
8 LED Output Output of current board statue from Microcontroller 
9 Algorithm Selector Voltage outputs to Microcontroller to select algorithm 
10 Computer Interface Program board with Gas/Blower ratio tables 
11 Computer Interface Monitor combustion blower, chamber blower, and gas valve 
12 Computer Interface Responds to user interaction  
13 Computer Interface Manually set combustion blower and gas valve parameters during 
manual mode 
14 Computer Interface Log monitored data to file 
15 Microcontroller Output PWM signal to Combustion Blower Circuit 
16 Microcontroller Output PWM signal to gas valve 
17 Microcontroller Input PWM Feedback from Combustion Blower 
18 Microcontroller Output to Ignition Safety Relay 
19 Microcontroller Thermostat Voltage Input 
20 Microcontroller Output error code to LED array 
21 Microcontroller Input selection from algorithim selector 
22 Microcontroller PID Loop Initial Response Time 
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Section 7.1: User Testing/Programming Software 
 
 
Figure 44: Feedback from Combustion Fan after lowering and raising control signal 
 
 
Figure 45: Data from Thermostat using ADC input 
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Section 7.2: Computer I/O Interface 
 
 
Figure 46: Serial voltage leveling circuit 
 
 
 
 
 
 
  
 - Page 61 - 
Section 7.3: Voltage Regulator 
 
 
Figure 47: 24V input to board 
 
Figure 48: +15V voltage regulator output 
 
 
Figure 49: +3.3V voltage regulator output 
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Section 7.4: PWM Signal Generation 
 
  
Figure 50: Demonstration of varying duty cycles from the MCU which output a matched +15V 
signal from the MOSFET circuit 
 
Section 7.5: Hardware Mode Selector 
 
 
Figure 51: In the left image, DIP1 is set to on (low), and in the right image, it has been switched and 
the LED is outputting correspondingly 
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Section 7.6: LED Troubleshooting Interface 
The following table shows the function of the LEDS based on their outputs. 
LED State Description/Error 
Heart Beat Off No Power 
Solid Power/MCU Not Running 
Blink Power/MCU Running 
Demand Off No T-STAT Input 
Solid T-STAT Input 
Valve Off/Blink No Demand or Variance/Gas 
Valve Not Connected 
Solid Gas Valve Engaged 
Motor Off No  
Solid Blower Engaged 
Blink Problem with Blower 
Power/Calibration Off No Power 
Solid Power 
Blink System Calibration 
 
Table 17: Basic LED Troubleshooting Output 
 
Section 7.7: Integration 
The final stage of the test results is system integration.  The following figures show the interaction of the 
assembled components 
 
Figure 52: Comparison of circulator fan feedback from ~60-100Hz 
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Figure 53: Corresponding computer communication results from frequency change in figure above 
  
Figure 54: The figure above shows the change in voltage level in the input signal.  The voltage level 
was set high (left image), low (right image), and then high again 
 
Figure 55: Corresponding computer communication results from voltage level change in figure 
above 
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Figure 56: The upper left image shows the input ADC value and the output Combustion Blower 
control signal (bottom oscilloscope) and the gas valve output (upper combustion blower).  The 
upper right shows the max ADC value which then outputs max combustion output.  The lower left 
and lower right show the same max setting for the combustion fan but increasing gas valve outputs 
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Figure 57: The above Labview screenshot corresponds to the previous images electrical captures.  
As the combustion blower feedback rises (upper blue line) the gas valve increases proportionally. 
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Figure 58: Initial Gas Valve output while waiting for oven to ignite, output at 75% duty cycle 
 
Figure 59: Gas pressure after ignition for 75% duty cycle 
 
 - Page 68 - 
 
Figure 60: 40% duty cycle and corresponding gas pressure after lowering output of combustion fan 
and gas valve 
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Section VIII: Recommendations and 
Conclusion 
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Section 8.1: Recommendations 
The following is a list of recommendations for future designs to improve the overall system value for 
Wayne Combustion.   
• Implement error lookup function in desktop software 
• Add USB functionality to board 
• Add update via USB jump drive functionality to board 
Section 8.2: Conclusion 
Based on the design of our current circuit, we have met the requirements and specifications laid out in 
Section I of this document.  Not only will this design meet WCS’s current need, it will also help lower 
their operating costs and give them more control over the design of the board, for all designs are the 
intellectual property of WCS. In the future it will be much easier for WCS to add features and make 
changes to their board.  This could include the addition of sensors to monitor the system performance 
with more precision or user interfaces (LCD Screens, USB I/O Interface, etc.) to enhance the overall 
board utility.   
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Section X: Appendix 
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Appendix 
 
 
Table A: Abbreviations 
Abbreviation Description 
PWM Pulse Width Modulation 
PCBA Printed Circuit Board Assembly 
DIP Dual Inline Package 
IDE Integrated Development Environment 
GUI Graphical User Interface 
MPU Memory Protection Unit 
 
Figure A: Systems diagram of Control Board Integration 
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Table B: Validation and Verification Table 
# System Description Value Tolerance 
Verification 
Method 
1 Power Supply 
Power output from 24V step down 
subcircuit 15V, 3.3V 
+/- 1V, 
+/- 0.3V Test 
2 
Combustion 
Blower PWM input to Combustion Blower 0-3.3V  +/-0.3V Test 
3 
Combustion 
Blower Feedback PWM output from Combustion Blower 0-3.3V +/-0.3V Test 
4 
Gas  Valve 
Control PWM input to Gas Valve control 0-15V +/- 1.0 V Test 
5 
Appliance 
Circulator Fan PWM output to Microcontroller 0-3.3V +/-0.3V Test 
6 
Ignition Safety 
Relay Input signal from Microcontoller 3.3V +/- 0.3V Test 
7 Thermostat Current output to Microcontroller 4-20mA +/- 1mA Test 
8 LED Output 
Output of current board statue from 
Microcontroller 3.3V +/- 0.3V Test 
9 
Algorithim 
Selector 
Voltage outputs to Microcontroller to 
select algorithim 0-3.3V  +/- 0.3V Test 
10 
Computer 
Interface 
Program board with Gas/Blower ratio 
tables NA NA Demonstration 
11 
Computer 
Interface 
Monitor combustion blower, chamber 
blower, and gas valve NA NA Demonstration 
12 
Computer 
Interface Responds to user interaction  NA 
Within 
100 ms Test 
13 
Computer 
Interface 
Manually set combustion blower and gas 
valve parameters during manual mode NA NA Demonstration 
14 
Computer 
Interface Log monitored data to file NA NA Demonstration 
15 Microcontroller 
Output PWM signal to Combustion 
Blower Circuit 3.3V +/- 0.3V Test 
16 Microcontroller Output PWM signal to gas valve 3.3V +/- 0.3V Test 
17 Microcontroller 
Input PWM Feedback from Combustion 
Blower 3.3V +/- 0.3V Test 
18 Microcontroller Output to Ignition Safety Relay 3.3V +/- 0.3V Test 
19 Microcontroller Thermostat Voltage Input 0-3.3V +/- 0.3V Test 
20 Microcontroller Output error code to LED array 3.3V +/- 0.3V Test 
21 Microcontroller Input selection from algorithim selector 3.3V +/- 0.3V Test 
22 Microcontroller PID Loop Initial Response Time 3 Seconds 
+/- 1 
Second 
  
